Abstract
INTRODUCTION

Hepatitis B virus
Hepatitis B virus (HBV) in Japan, where genotype C is dominant, is generally infected during delivery or early childhood with immature immune systems, and those children become HBV carriers before HBV vaccine was introduced. In adolescents, hepatitis e antigen (HBeAg) seroconversion to its antibody (anti-HBe) often occurs after multiple exacerbations, which coincide with subsidence of hepatic inflammatory activities [1, 2] . The failure of seroconversion usually results in chronic progressive liver diseases and hepatocellular carcinoma (HCC). T he calculated annual incidence of acute exacerbation was two times higher in patients with positive HBeAg or HBV-DNA than those without these markers [3] . The patients who have recurrent episodes of acute exacerbations with bridging hepatic necrosis are more likely to develop cirrhosis [4] . These observations suggest that HBeAg seroconversion to anti-HBe confers favorable long-term outcomes. On the other hand, most HCC occurred in HBeAg-negative patients with undetectable HBV-DNA [5, 6] , suggesting that all HBV patients should be carefully followed-up for HCC even after HBeAg seroconversion. However, there seems to be some predictive factors for HCC in our clinical experiences. Previous reports demonstrated the natural history of anti-HBe positive patients. However, they included patients with spontaneous reactivation, which may be the major cause of progressive hepatic damage [7, 8] . To our knowledge, there are no reports about incidences of HCC that selected only patients who seroconverted to anti-HBe during follow-up. Therefore, we focused on anti-HBepositive patients without any reactivation of HBeAg and tried to determine the risk factors for HCC development to select high risk group for HCC.
MATERIALS AND METHODS
Three hundred and thirty-one HBsAg-positive patients were followed-up in our hospital between 1990 and 2004. Inclusion criteria in this study were: (1) follow-up until death or October 2004; (2) sufficient data to evaluate; and (3) careful follow-up for HCC with evaluation of both tumor markers (alpha-fetoprotein or des-gammacarboxyprothrombin) and image studies (USG or CT) every 3-6 mo. HBeAg serocoversion was determined if anti-HBe completely became positive and HBeAg was never recovered retrospectively. We excluded the cases that showed fluctuation of HBeAg or anti-HBe levels.
None of the patients had any other viral infections, such as hepatitis C virus (HCV) or human immunodeficiency virus (HIV). Patients were followed-up by biochemical studies and image studies for at least 3-6 mo intervals. The biochemical tests were measured using routine automated techniques. HBsAg, HBeAg, and anti-HBe were assayed using commercial enzyme immunoassay kits (Abbott Japan, Tokyo). HBV-DNA was determined by a transcription-mediated amplification (TMA) method. The detection sensitivity of this assay is 3.7 LGE/mL. All HCC were initially found by USG or CT and confirmed by CT during abdominal angiography.
Statistical analysis
Fisher's exact test or the c 2 test was used to compare patients' backgrounds. Kaplan-Meier analysis and log-rank test were performed to test a cumulative incidence of HCC in each group. Multivariate proportional-hazards survival analysis was used to determine the important risk factors for HCC. P<0.05 was considered statistically significant.
RESULTS
One hundred and thirty-four out of the 331 HBV patients were enrolled in this study. Forty six patients (M:F = 34:12) were HBeAg-positive and 88 (M:F = 64:24) patients were anti-HBe-positive. There were no patients who had positive tests for both HBeAg and anti-HBe. Regarding the patients' backgrounds, age, sex, platelet counts, albumin level and AST level were similar in both HBeAgpositive and anti-HBe-positive patients. However, ALT level was significantly higher in HBeAg-positive patients as compared with anti-HBe-positive patients (P = 0.001, Table 1 ). HCC developed in 15 HBeAg-positive patients and in 11 anti-HBe-positive patients during follow-up. The average age for the appearance of HCC was similar in both groups (55±8 years in HBeAg-positive and 53±12 years in anti-HBe-positive patients). The cumulative incidence of HCC was significantly higher in HBeAg-positive patients than in anti-HBe-positive patients as previously reported (P = 0.016, Figure 1 ). However, the incidence of HCC was found to be increased with age even in patients with anti-HBe, especially in those who were over 70 years. Out of 88 patients with anti-HBe, the time of HBeAg seroconversion was observed in 48 patients. Other 40 patients already showed anti-HBe positive when the patients first presented. The current study focused on these 48 patients. The average age of 48 patients was 50 ±14 years (M:F = 34:14). The average age at HBeAg seroconversion was 40±12 years (range, 16-67 years). HBeAg seroconversion occurred spontaneously in 75% (36/48), by IFN in 18.8% (9/48) and by propagermanium in 6.2% (3/48) cases. HBV-DNA was detectable by TMA methods in 27.1% (13/48) patients. The average followup periods after HBeAg seroconversion were 10.9±5.4 years (range, 1-25 years). Six patients developed HCC during follow-up. All six patients were male and the average age of HCC development was 57±13 years (14.0±5.1 years after HBeAg seroconversion). The incidence of HCC evaluated by Kaplan-Meier analysis was significantly higher in patients with abnormal AST (>40 IU/L) level (P = 0.007, Figure 2A ), suggesting that active hepatitis even after seroconversion may be one of the risk factors for HCC. However, there were no differences in ALT levels ( Figure 2B ). Low platelet count (<10×10 4 /µL) (P<0.0001) or low albumin level (Alb<30 g/L) (P = 0.009) was another risk factor for HCC, suggesting that HCC may develop in patients with advanced liver diseases at HBeAg seroconversion or with progressive liver diseases even after seroconversion ( Figures  2C and D) . Positive HBV-DNA (P = 0.014) increased the incidence of HCC as well ( Figure 2E ). The incidence of HCC tended to be non-significantly higher in the patients with HBeAg seroconversion by therapy as compared with the spontaneous seroconversion ( Figure 3A) . The cumulative incidence of HCC was significantly higher in the patients with HBeAg seroconversion after 40 years of age ( Figure 3B ). Multivariate proportional-hazards analysis demonstrated that low platelet counts (<10×10 4 /µL) was the only predictive factor for HCC (P = 0.032, hazard ratio = 21.6), whereas serum albumin and AST levels and HBV-DNA positivity could not be determined as predictive factors for HCC (Table 2) . Furthermore, the incidence of HCC was not observed in the patients with both normal platelet counts (>10 ×10 4 /µL) and normal AST level (<40 IU/L) during followup in our study. In contrast, the incidence of HCC was annually increasing after HBeAg seroconversion in patients with either lower platelet counts (<10×10 4 /µL) or abnormal AST level (>40 IU/L) (Figure 4) . ISSN
DISCUSSION
The present study demonstrated that low platelet counts (<10×10 4 /µL), low albumin level (<30 g/L), abnormal AST level (>40 IU/L), older age at HBeAg seroconversion (>40 years) and positive HBV-DNA were the predictive factors for HCC after HBeAg seroconversion. Multivariate proportional-hazard analysis demonstrated that platelet count was the only significant risk factor. T hese observations suggested that active hepatitis or progression of liver disease even after HBeAg seroconversion or advanced hepatitis at HBeAg seroconversion would be the predictive factors for HCC. In other words, patients without any of these factors after HBeAg seroconversion would be at low risk for HCC development.
In patients with chronic hepatitis C virus (HCV) infection, we should focus on patients with advanced Figure 3 Cumulative incidence of HCC in patients after seroconversion (Kaplan-Meier analysis and log-rank test). A: Spontaneous or post-therapeutic seroconversion; B: age at seroconversion (>40 or ≤40 years).
Years after seroconversion Cumulative incidence of HCC sug gesting that HCC may develop in patients with progressive liver disease even after HBeAg seroconversion or advanced liver diseases before HBeAg seroconversion. Since multiple exacerbations usually occurred before HBeAg seroconversion, necroinflammation occurs more frequently in patients with delayed HBeAg seroconversion, which results in progression to liver cirrhosis or HCC [12] . Our results show that the cumulative incidence of HCC was significantly higher in patients with delayed HBeAg seroconversion (older than 40 years) are consistent with the previous reports. Furthermore, the cumulative incidence of HCC in our study was annually increasing in the patients with either low platelet counts (<10× 10 4 /µL) or abnormal AST (>40 IU/L) after HBeAg seroconversion, whereas no HCC was observed in patients with both normal platelet counts (≥10×10 4 /µL) and normal AST (<40 IU/L) during follow-up (median followup period: 11±5 years).
In this study, we observed a relatively higher incidence of HCC in patients with anti-HBe as compared with the previous reports. This might be because our study was not a prospective study and we might have lost the patients with relative low risk of active hepatitis or fibrosis during follow-up. It is possible that there might be a bias, in which the patients with relative high risk (high AST or ALT) were accumulated in our study. Prospective and large-scale studies need to determine the predictive factors for HCC in patients with anti-HBe.
In conclusion, in anti-HBe-positive patients, lower platelet counts, lower albumin, abnor mal AST and positive HBV-DNA are the predictive factors for HCC. In other words, anti-HBe-positive patients without any of these factors are at low risk for HCC. In the followup of anti-HBe-positive patients, those predictive factors, especially platelet counts, should be taken into account for determining the frequency of biochemical study or imaging studies. Moreover, to reduce the risk for HCC development, we should induce HBeAg seroconversion before progression to advanced liver diseases and control AST level within the normal range using lamivudine or IFN. These results may be supported by our clinical experiences. However, to our knowledge, there are no reports to clarify the high risk group in anti-HBe positive patients with known time of HBeAg seroconversion. chronic hepatitis or cirrhosis as high risk group for HCC development and follow-up with tight observation for biochemical studies, tumor markers and image studies since HCC is usually accompanied with the progression of liver diseases. In patients with chronic HBV infection, however, HCC sometimes develops not only in liver cirrhosis, but even in mild hepatitis [9, 7] . So, it is more difficult to select high risk patients for HCC in chronic HBV infection than that in HCV infection. Of course, positive HBeAg or reactivation after HBeAg seroconversion with active hepatitis is one of the risk factors for cirrhosis [7, 8] , HCC [3, 10] or survival [11] . However, the cumulative incidence of HCC in our study was high even in anti-HBe-positive patients, especially in older patients (Figure 1) . Therefore, we conducted this study to determine the predictive factors for HCC in patients with anti-HBe.
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We found that the cumulative incidence of HCC was significantly higher in patients with abnormal AST (Figure 2A ), suggesting that active hepatitis even after HBeAg seroconversion was one of the risk factors. This result was consistent with previous reports that progression to cirrhosis or HCC occurred in patients with HBeAg negative hepatitis without reversion to HBeAg [10, 12] . Fur ther more, the incidence of HCC was significantly reduced in HBeAg-negative chronic hepatitis or cirrhotic patients who maintained virological response by lamivudine [13] or interferon (IFN) [14, 15] . These previous reports support our observation that therapy for transaminase control may reduce the risk of HCC development in our patients with abnormal AST level. On the other hand, the cumulative incidence of HCC was not statistically different in ALT levels. We, therefore, hypothesized that ALT elevation might be observed in patients with fatty liver as well as necroinflammatory liver disease.
Other risk factors for HCC development in antiHBe-positive patients were lower platelet counts and low albumin level. Interestingly, multivariate proportionalhazards analysis showed that low platelet counts (<10× 10 4 /µL) was the only risk factor for HCC development, 
